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• 333/NF/03 

C8 - LINKED P YRROLO [2, l-cj [ 1 ,4] BENZODIAZEP JNE-ACRIDONE/ACRIDINE 
HYBRIDS 

Field of the invention 

The present inventioa provides novel pyrrolo-[2,l- C ][l .^benzodiazepine hybrids 
useful as anti-tumour agents. The present invention also provides a process for the 
preparation of new pyrrolo[2,l-c][l,4]benzodiaze P ine hybrids as antitumor agents More 
particularly, the present invention provides a process for the preparation of 7-methoxy-8-[n'. 
(4".acridonylcarboxamido)alkyl]-o Xy <l lao>l,2,3,l la-tetraydro-S^pyrrolop 1-c] 
[l,4]benzodiazepin-5-one and T-methoxy-S-rn^acr^^ 
(1 lfcSH.2,3,1 la-tetraydro-5^.pyrrolo[2J.c}[l J 4]bei 1 2odia Z epin-.5- 0 ne with aliphatic chain 
length variation of these compounds and it also describes the DNA binding, anticancer 
(antitumor) activity. The structural formula of the novel pyrrolo[2,l^]-[l,4]benzodiazepines 
of the invention is given below: 



O 




15 




0 = 2-3 
R = H,OH 



R 

20. 




'f{-(CH 2 ) n -0 
H 3 CO 

n = 2-3 
R = H, OH 

Background of the invention 

Pyrrolo[2,l -^[^benzodiazepine antiiumour antibiotics are commonly known as 
30 anthramyciu class of compounds. In the last few years, a growing interest has been shown in 
the development of new pyrrolo[2,l-c][l,4]benzodiazepines (PBDs). These antibiotics react 
covalently with DNA to form an N2-guanine adduct that lies within the minor groove of 
duplex DNA via an acid-labile aminal bond to the electrophilic imine at the N10-CU 
position (Kunimoto, S.; Masuda, T.; Kanbayashi, N.; Hamada, M; Naganawa, H.; 
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Miyamoto, M; Takeuchi, T.; and Unezawa, H. J. Antibiot., 1980, 33, 665.; Kohn, K. W. and 
Speous, C. L. J. Mol Biol, 1970, 51, 551.; Hurley, L. H.; Gairpla, C. and Zmijewski, M. 
Biochem. Biophys. Acta., 1977, 475, 521.; Kaplan, D. J. and Hurley, L. H. Biochmlstry, 
1981, 20, 7572). The molecules have a right-handed twist, which allows them to follow the 
curvature of the minor groove of B-form double-stranded DNA spanning three base pairs. A 
recent development has been the linking of two PBD units through their C-8 positions to give 
bisfunctional alkylating agents capable of cross-Unking DNA (Thurston, D. E; Bose, D. S.; 
Thomson, A. S., Howard, P. W.; Leoni, A.; Croker, S. J.; Jenkins, T. C; Neidle, S. and 
Hurley, L. H. J. Org. Chem., 1996, 61, 8141). 
OH 

H 3 C«^8^L ^—sri i „ HO 






DC-81 dimere (n» 3^5); DSB-120 (n= 3) 

^/^V^-^ ( CH^° 

OMe MeO 
SJG-136 

Q- (cha-o. 

OCH 3 H 3 CO 

10 imine-amide PBD dlmers; n=3-5 

Recently, PBD dimers have been developed that comprises two C2-exo~methylene 

substituted DC-81 subunits tethered through their C-8 position via an inert propanedioxy 

linker (Gregson, S. J.; Howard, P. W.; Hartely, J. A.; Brooks, N. A.; Adams, L. J.; Jenkins, T. 

C; Kelland, L. R and Thurston, D. E. J. Med. Chem. 2001, 44, 737). Recently, a noncross- 
15 Unking mixed imine-amide PBD dimers have been synthesized that have significant DNA 

binding abiUty and potent antitumour activitiy. (Kamal, A.; Ramesh, G; Laxman, N.; 

Ramulu, P.; Srinivas, O.; NeeUma, K_; Kondapi, A. K.; Srinu, V. B.; Nagarajaram, H. M. J. 

Med. Chem. 2002, 45, 4679). 
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NannnUy occurrtag pyrrolo [ 2.1^[,,4 ] b^diazep i .ea belong •„ , 

rrrn derived * om * ww »— *■ — » -* 

for the no systems as they can recognize and bind to specific sequence of DNA. Examp.es 

However, the clinical efficacy for these antibiotics ia hindered by sevend limitations 
such as poor wa«er soU.bil.ty, cardiotoxicity, development of drug resistance and metabolic 
mactivation. 

Objects of the invention 

The main object of the present invention is to provide new pyrrolo&l^n 41- ? 
benzodiazepine hybrids useful as antitumour agents. 

Mother objective of the present invention is to provide a process for the preparation 
of nove! pyrrolo^l^tl^-benzodiazepine hybrids useful as antitumour agents. 
Summary of the invention 

Accordingly the present invention provides novel pyiTolop.l-cjtl^Jbenzodiazepine 
hybrids of formula IV or VH wherein R — H, OH and n is 2-3. 
O 




H 3 CO 





Formula IV 



n -2-3 
R "» H, OH 



Jj-(CH2) n -0 



H3CO 




Formula VII 



n = 2-3 
R = H, OH 



20 the 



In one embodiment of the invention, the compound of the invention is selected from 
group consisting of 7-Methoxy-8-[2X4"-acridonylcaA^ 
(llaS)l,2,3,lla-tetra-hydr^^ 7 ^ Methoxy _ g _ r 

2* - (4" - acridonylcarboxamido) ethyl] - oxy - (4tf) - hydroxy - (UaS) 1, 2, 3, Ua- 
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tetrahydro - 5H - pyrrolo [2, Uc] [1, 4] benzodiazepin - 5 - one; 7-Metho*y-8-[3'-(4»- 
b e r^di aZ e P in-5^ne;7-Methoxy-8.[3'K4'Vacridonylcarboxam^ 

-(1 1^1,2,-3, Ua tetrahydro-S^-pyrrolot^l^Cl.^benzodiazepin.S-one; 7-Methoxy-8-[2'- 
(4^acridinylcarboxamido)ethyl]-oxy-<l laS)l,2,3, 1 la-tetrahydro-5/f-pyrrolo [2 l- 

^[l^be^odiazepin-S-one; 7-Methoxy-8.[2^(4"-acridinylcarboxamido)ethyl]-oxy-(4^. 
hydroxy-(l 1*5)1,2,3,-1 la-tetrahydro-5^.pyr r oio[2,l-c][l,4]ben2odiaz ep in-5-one; 7~ 
methoxy - 8 - PX^acridinylcarbo^^ 

pyrrolo[2,l-c][l,4]bexxzodiaze P in-5-one and 7^Methoxy-8-[3'.(4"-acridinyl oa rboxar n i<Jo) 
propyi]-oxy-(4*)-hydroxy-(l 1^1,2,^3,1^ tetrahydro-S/Z-pyrrolo^l-cJIl^Jber^odiazepin- 
5-one. 

The present invention also provides a process for preparation of pyrrolo-[2,l- 
cKMJbenzodiazepine hybrids of formula IV and VII wherein R = H, OH and n is 2-3, 



15 




N-(CH 2 ) n -o 

H 3 CO 



H 




N 




Formula IV 

R =? H. OH 



N'(CH 2 ) n -OY^Y N *WH 



Formula VII 

the process comprising reacting an acridone or an acridine acid with (2 < S>N-[4-(n'- 

aminoalkyloxy)-5-methoxy-2-nitrobenzoyl]-pyrroHdme-2-carboxaldehyde diethyl thioacetal 
of formula I 



H 2 N-(CH 2 )„-0 Y^V N ° 2 .s>PH(SEt) 2 



o 

Formula I 
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. the presence of EDCI and HOBt in organic aolvent for a period of 24 h to obtain (ZS)- N . 
<^»H4^acrido-ny.carboxamido)-al^ 

carboxaldehyde diethyl thioacetal U / (2^N-(4.[nH4'Widlnylc M boxarrddo)-alk y lW-5. 
me,hox y .2.ni tt ohe„zoyl} Py rrolidtae-2^ri, OX aJdehyde diethyl thioacetal of formula V where 




I 



o 

II 



Formula Et 




fj-(CH 2 ) n -0^pYN0 2 ^ CH(SB)2 



Formula V 

isolating the compound of formula II/formula V and then reducing the compounds of formula 
II/formula V with SnCb.ZrfcO in presence of an organic solvent up to a reflux temperature, 
isolating the (^'N-{4-[n^(4'^acridonylcarboxaimdo).aIkyl]-oxy-5-methoxy-2' 
aminobenzoyl}pyrroU^dine-2-:carboxaldehydediethylthioacetal of formula m/(2,S)-N-{4-[n'- 
(4"-acridinylcwbox-amido)-alkyl^ 

carboxaldehyde diethyl thioacetal of formula VI where n is 2-3 by known methods 

I 




Formula HI 
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O- 



o 



Formula VI 

reacting compound of formula Ill/formula VI with a i™™™ * 

Crtn „ ar , t!rt , V1 wim a known deprotecting agents in a 

conventional manner to give novel ovrrninr? i ,in 

tv/t , wrr u • Py*°M2,Mri,4]benzodiaz«pine hybrids of formula 

I Wforraula VII wherein n and R are as stated above. 

In one embodiment of the invention, the organic solvent used for the reaction of the 
acndone/acridine acid with compound of formula I comprises dimethyl furan. ' 

In another embodiment of the invention, the compound of formula E/formula V is 
isolated by washing with saturated NaHCO,, brine, drying and evaporation of the solvent ■ 

In another embodiment of the invention the organic solvent used during the reduction 
of compound of formula H/formula V comprises methanol. 

In a further embodiment of the invention, the compound of formula Ill/formula V is 
isolated by adjusting the pH of the reaction mbcture to about pH 8 with a saturated NaHCO, 
solution, diluting with ethyl acetate, filtering through celite and extracted an organic phase 
and drying the organic phase over Na 2 S0 4 . 

In another embodiment of the invention, the deprotecting agent used for obtaining the 
compound of formula IV/formula VII comprises HgCfc and CaC0 3 in MeCN-water (4:1). 
Detailed description of the invention 

The present invention provides novel pyrrolo[2,l-c][l, ^benzodiazepine hybrids of 
formula IV or VH wherein R - H, OH and n is 2-3 and also provides a process for the 
preparation thereof. 

The process of the invention comprises reacting an acridone or an acridine acid with 
(^N^n'-ammoalky^^ 

diethyl thioacetal of formula I 

H 2 N-(CH 2 ) n -0 A CH(SEt) 2 

» o 
Formula I 



6 



333/NF/03 



10 



15 



in the presence of EDCI and HOBt in organic solvent for a period of 24 h to obtain 
H-[«H4''-acrido-nylcarbox a mido)-a^^ 
carboxaldehyde diethyl thioacetal II / (2^N-{4-[nX4"-^^ 

metho X y-2-nitrobeflzoyl}pyrrolidine-2-carboxaldehyde diethyl thioacetal of formula V where 




I 



O 
it 




Formula II 

I 

Formula V 

The compound of formula Il/formula V is isolated and then reduced with SnCk2H 2 0 
in the presence of an organic solvent such as methanol up to a reflux temperature to obtain 
(25>N-{4-[nH4^acridonylcarboxami^ 

dine-2-carboxaldehydediethylthioacetal of formula HI/(25)-N-{4-[n'-(4"-acridinylcarbox> 
aimdo)-aikyl]-oxy-5-methoxy~2-ammoben^^ diethyl 
thioacetal of formula VI where n is 2-3. The compounds of formula Ill/formula VI are then 
isolated by conventional methods. 



O 




i 



o 

Formula HI 
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o 

Formula VI 

The compounds of formula Hi/formula VI with a known deprotecting agents in a 
conventional manner to give novel pyrrolofc ^benzodiazepine hybrids of formula 
IV/forraula VII wherein n and R are as stated above 




° ^N-(CH 2 ) n -0 
H3CO 





Formula IV 



n =2-3 
R = H, OH 



°^"f}^(CH 2 ) n -0 
H3CO 




Formula VII 



R * H. OH 

The organic solvent used for the reaction of the acridone/acridine acid with compound 
of formula I comprises dimethyl foran and the compound of formula Il/formula V is isolated 
by washing with saturated NaHC03, brine, drying and evaporation of the solvent. The 
organic solvent used during the reduction of compound of formula Il/formula V comprises 
methanol and the compound of formula m/formula V is isolated by adjusting the pH of the 
reaction mixture to about pH 8 with a saturated NaHCCb solution, diluting with ethyl acetate, 
filtering , through celite and extracted an organic phase and drying the organic phase over 
Na 2 S0 4 . 

The deprotecting agent used for obtaining the compound of formula rv/formula VII 
comprises HgCl 2 and CaCO } in MeCN-water (4: 1). 

The precursors, acridone acid (Alwell, G. J.; Cain, B. F,; Baguley, B. C; Finlay, G. J.; 
Denny, W. A. J. Med Chem. 1984, 27, 1481), acridine acid (Atwell, G. J.; Rewcastle, G. W.; 
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Baguley, B. C • Denny, W. A. J. Med. Chem. 1987, 30, 664) and (2S)-N-[4-(n a - 
aminoalkylox y ).5-methoxy-2.nitroben 2 o y l]pyrroUdine-2-c a rboxaldehyde diethyl thioacetal 
of formula I (Thurston, D. E.. Morris, S. J.; Hartley, J. A. Chem. Commurt. 1996, 563-565) 
have been prepared by literature methods. 

Some representative compounds of formula IV Nil present invention are given below 

1. 7-Meth6xy-8-[2'-(4".acridonylcarbo X amido)ethyI].^ty-(i la^l,2,3,l 1 a-tetra-hydro- 
5/f-pyrrolo[2, Z-c][ 1 ,4]benzodiazepin-5K)ne 

2. 7 -M e too*y-8-[2M4"-acridonylcarbox^ 

3, lla-tetrahydro-5/f-pyrrolo[2, l-c][l,4]benzodiazepin.5-oiie 

3. 7 - Me *°xy-8-[3M4"-acridonyk 
5/f-pyrrolo[2, l-cJfl^lbenzodiazepin-S-one 

4. 7 -Methoxy.843'K4^acridonylcarbo^do)propyl]^ X y.(4i?)-hydroxy^lla 1 S)l,2,. 
3, 1 la tetrahydro-5#-pyrrolo[2, l-c][l,4]benzodiazepin-5-one 

5. 7 " M ethoxy-8-[2X4"-a^ 

15 5^-pyrrolo[2,l-<;][1.4]benzodia2epin.5-one 
. 6 7 - Me ^^- 8 -[ 2 M4"-acridmylc^^ 

Ua-tetrahydrc>5jy-pyiTolo[2,1^3[l,4]benzodiazepin-5-one 
7. 7-Methoxy-8-[3 , -(4"-acridinylcarboxamido)propyl3-oxy-(l laS)l ,2,3, 1 la^tetra-hydro- 
5^-pyrrolo[2, 1 -c][ 1 ,4]benzodiazepin-5-one 

20 8. 7 'Methoxy-8-{3'^4"-acrkimylcaitoxaimdo)propyl]-oxy-(4i2)-hyclroxy-(l la£)l,2,- 
3,11a tetrahydro-5/f-pyrrolo[2, l-c][l,4]benzodiazepin-5-one 

These new analogues of pyrrolo[2,l-c][l,4]benzodiazepine hybrids linked at C-8 
position have shown promising DNA binding activity and efficient anticancer activity in 
various cell lines. The molecules synthesized are of immense biological significance with 
potential sequence selective DNA-bindiag property. This resulted in design and synthesis of 
new congeners as illustrated in Scheme-l/Scheme-2, which comprise: 
1 The ether linkage at C-8 position of DC-8 1 intermediates with acridone/acridine ring 
moiety. 

2. Up to refluxing the reaction mixture for 12-48 h. 
30 3 . Synthesis of C-8 linked PBD antitumour antibiotic hybrid imines. 

4. Purification by column chromatography using different solvents like ethyl acetate, 
hexane, dichloromethane and methanol. 

The reaction schemes are given below and are representative of the process of the 
invention. 



25 
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H 2 N-(CH 2)n -Oy^N0 2 ^ H(SEt)2 



"OH 




N~(CH 2 ) n -0 
H 3 CO 



^5T 




o 

V 



fj-(CH 2 ) n -O^Y NHa ^ H(SEt)2 
H 3 CO^A rN Q k 




o 

VI 



n =2-3 
R •» H, OH 



VII 



10 



. Scheme 2 

The following examples are given by. way of illustration and therefore should not be 
construed to the present limit of the scope of invention. 
Example 1 * 

Compound acridone acid (0.239 g, 1 mmol) was taken in dry DMF (10 mL) 4 EDCI 
(0.203g, 1,5 mmol) and HOBt (0.288 g, l.Smmol) was added and the mixture was coded at 
0-5 °C and the mixture was stirred for 30 min. A solution of (2J?)-N-[4-(2 a .aminoethyl)^xy> 
5-memoxy-2-nitrobeiiZQyl]pyrrohdine-2-carboxaldehyde diethyl thioacetal of formula I 
(0.443 g, lmmol) in DMF was added to it at the same temperature and the solution was 
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stirred at room temperature for overnight. The mixture was washed with saturated NaHCCb 
(SO mL), brine, dried and solvent was evaporated. The crude material was chromatographed 
over silicagel using ethylacetate/hexane (8:2) solvent to give compound (25)-N-{4-[2'-(4"- 
«ridonylcarbo^ 
5 diethyl thioacetal II as a yellow liquid. 

The compound (2.S)-N.{4.[2 , -(4".acridonylcarboxamido)-ethyl]-oxy-5-methoxy.2- 
nitro-benzoyl}pyrrolidine-2-carboxaldehyde diethyl thioacetal II (0.664 g, 1 mmol) was 
dissolved in methanol (15 mL) and added SnCk2H 2 0 (1. 128 g, 5 mmol) was refluxed for 2 h 
or until the TLC indicated that reaction was completed. The reaction mixture was then 
.10 adjusted to pH 8 carefully with saturated NaHCOa solution, diluted with ethyl acetate, filtered 
through celite and extracted. The combined organic phase was dried over Na 2 SC>4, and 
evaporated under vacuum to afford the crude compound (2,S)-N-{4-[2X4"- 
acridonylcarboxamido) - ethyl] - oxy - 5 - methoxy - 2 - amtnobenzoyl} pyrrolidine - 2 - 
carboxaldehyde diethyl thioacetal in. 

15 A solution of compound (ZS)-N-{4-[2'-(4"-acridonylcarboxaijjido)-ethyl]^oxy-5- 

memoxy-2-animobenzoyl}pyrrolidine-2-carboxaldehyde diethyl thioacetal HI (0.634 g, 1 
mmol), HgCl 3 (0.8145 g, 3 mmol) and CaCOs (0.3 g, 3 mmol) in MeCN-water (4:1) was 
stirred slowly at room temperature until TLC indicates complete loss of starting material. The 
reaction mixture was diluted with EtOAc (30 mL) and filtered through a celite bed. The clear 

20 yellow organic supernatant was extracted with saturated 5% NaHCOa (20 mL), brine (20 mL) 
and the combined organic phase is dried (Na 2 S0 4 ). The organic layer was evaporated in 
vacuum and purified by column chromatography (90% CH 2 Cla-MeOH) to give compound 7- 

methoxy-8-[2X4 ,, -acxidonylcari)oxamido)emyl]-oxy-(naS)l,2 > 3,lla-tetrahy^ 
[2, 1 -c][ 1 ,4]benzodiazepin-5-one. 
25 Example 2 

Compound acridone acid (0.239 g, 1 mmol) was taken in dry DMF (10 mL), EDCI 
(0.203g, 1.5 mmol) and HOBt(0.288 g, l.Smraol) was added and the mixture was cooled at 
0-5 °C and the mixture was stirred for 30 min. A solution of (4.R)-hyd^oxy-(2<S)-N-[4-(2 , - 
aniinoethyl)-oxy-5-methoxy-2"mtroben2oyl]pyirohdme-2-carboxaldehyde diethylthioacetal 
30 of formula I (0.459 g, 1 mmol) in DMF was added to it at the same temperature and the 
solution was stirred at room temperature for overnight. The mixture was washed with 
saturated NaHCOs (50 mL), brine, dried and solvent was evaporated. The crude material was 
chromatographed over silica gel using ethyl acetate/hexane (8:2) solvent to give (4Ry 
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hydroxH2^N-(4-r2^ 

pyrroudine-2-carboxaldehyde diethyl thioacetal II as a yellow liquid. 

The compound M)*y*OKy^^ 
methoxy-2-nitrobenzoyl}p y rrondine-2-carboxaldehyde diethyl thioacetal n (0.680 g, 1 
mmol) was dissolved in methanol (15 mL) and added SnCfc.2HaO (1.128 g, 5 mmol) was 
refluxed for 2 h or until the TLC indicated that reaction was completed. The reaction mixture 
was then adjusted to P H 8 carefully with saturated NaHCO, solution, diluted with ethyl 
acetate, filtered through celite and extracted. The combined organic phase was dried over 
Na 2 S0 4 , and evaporated under vacuum to afford the crude compound (4tf)-hydroxy-(2,S)-N- 
H-P'-^-acridonylcaA^ 
carboxaldehyde diethyl thioacetal III. 

A solution of compound (4J?)-hydroxy-(2^.N-{4-t2'^4"-acridonylcarboxamido)- 
emyl]-oxy.5-methoxy-2-aminobenzoyl}pyrrolidine-2-carboxaldehyde diethyl thioacetal IU 
(0.650 & 1 mmol), HgCfe (0.8145 g, 3 mmol) and CaCCb (0.3 g, 3 mmol) in MeCN-water 

15 (4:1) was stirred slowly at room temperature until TLC indicates complete loss of starting 
material. The reaction mixture was diluted with EtOAc (30 mL) and filtered through a celite 
bed. The clear yellow organic supernatant was extracted with saturated 5% NaHC0 3 (20 
mL), brine (20 mL) and the combined organic phase is dried (Na 2 S0 4 ). The organic layer was 
evaporated in vacuum and purified by column chromatography (90% CH 2 Cl 2 -MeOH) to give 

20 compound 7 -n^oxy-8-[2*-(4"-acridonylcarboxa^ 

(1 1 aS) 1 ,2,3,- 1 1 a-tetrahydro-5/f-pyrrolo[2, l-c][l,4]benzodiaze-pin-5-one. 
Example 3 

Compound acridone acid (0.239 g, 1 mmol) was taken in dry DMF (10 mL), EDCI 
(0.203 g, 1.5 mmol) and HOBt (0.288 g, 1.5mmol) was added and the mixture was cooled at 

25 0-5°C and the mixture was stirred for 30 min. A solution of (25)-N-[4-(3 *-aminopropyl)-oxy^ 
5-methoxy-2-m1xobenzoyl]pyrroU(iine-2-carboxaldehyde diethyl thioacetal of formula I 
(0.457 g, 1 mmol) in DMF was added to it at the same temperature and the solution was 
stirred at room temperature for overnight The mixture was washed with saturated NaHCOa 
(50 mL), brine, dried and solvent was evaporated. The crude material was chromatographed 

30 over silica gel using ethyl acetate/hexane (8:2) solvent to give compound (ZS>N-{4-[3'-(4"- 
acridonylcarboxamido)-propyl]-oxy-5-methoxy-2-nitro-benzoyl} pyrrolidine-2- 
carboxaldehyde diethyl thioacetal II as a yellow liquid. 

l H NMR (CDCla) 8 1.20-1.50 (m, 6H), 1.60-2.20 (m, 6H), 2.60-2.80 (m, 4H), 3.10-3.3 (m, 
2H), 3.65-3.8 (m, 5H), 4.20-4.30 (m, 2H), 4.55-4.70 (m, 1H), 4.8 (d, 1H), 6.75 (s, 1H), 7.15 
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ft 1H), 7.25 (t, 1H), 7.35 (d, 1H), 7.50 (s, 1H), 7.58-7.63 (t, 1H), 7.9 (bs 1H) 8 15 (d. Itt 
835(d, ,H), 8:55(d, 1H); 12.3 (bs s 1H), MS (FAB) 679 [M -t- HJ" ' " 

The --pound W-^V^,^^ 
mtrobenzoyOpyrroUdme-^carboxaldehyde diethyl thioacetal II (0.678 g, 1 mmoI) W8S 
dissolved in methanol (15 niL) and added SnCl 2 .2H 2 0 (1. 128 g, 5 mmol) was refluxed for 2 h 
or unt, the TLC indicated that reaction was completed. The reaction mixture was then 
adjusted to P H 8 carefully with saturated NaHC0 3 solution, diluted with ethyl acetate, filtered 
through celite and extracted. The combined organic phase was dried over Na 2 SO< and 
evaporated under vacuum to afford crude OT-N-{4-[3'-(^^ 

oxy-5.methoxy-2.aminobenzo y i}pyrroUdin^2-carboxaldehyde diethyl thioacetal III 
H NMR (CDCb) 8 1.20-1.45 (m, 6H), 1.55-2.35 (m, 6H), 2.60-2.85 (m, 6H). 3.6 (s, 3H) 
3.7-3.8 (m, 2H), 4.15-4.25 (m, 2H), 4.62-4.75 (m, 2H), 6.25 (s, !H), 6.8 (s, 1H), 7.15-7 3 (m' 

m J! 'i£ lH) ' 7 ' 65 " 7 70 °* IH> ' °* 1H) ' 805 (d * IH) ' 8 35 (d ' 1HX 865 (d - "* 

A solution of compound (2^-N-{4-[3X4"-acridonylcarboxamido)-propyl]-oxy-5- 
raethoxy-2-arainobenzoyl}p y n-oUdine-2-carboxaldehyde diethyl thioacetal III (0 648 g, 1 
mmol), HgCl 2 (0.8145 g, 3 mmol) and CaCO, (0.3 g, 3 mmol) in MeCN-water (4:1) was 
stirred slowly at room temperature until TLC indicates complete loss of starting material The 
reaction mixture was diluted with EtOAc (30 mL) and filtered through a celite bed. The clear 
yellow organic supernatant was extracted with saturated 5% NaHCOj (20 mL), brine (20 mL) 
and the combined organic phase is dried (Na 2 S0 4 ). The organic layer was. evaporated in 
vacuum and purified by column chromatography (90% CH^-MeOH) to give compound 1- 
memoxy-8-[3'-(4^acridonylc^ 

pyrrolo[2,l-c][I,4]benzodiazepin-5-one. 

l H NMR (CDCla) 8 1.20-1.30 (m, 2H), 1.85-2.40 (m, 6H), 3.5-3.8 (m, 6H), 4.20-4.30 (m, 
2H), 6.80 (s, 1H), 7.2-7.35 (m, 2H) 7.40 (d, 1H), 7.5 (s, 1H), 7.65 (d, 1H), 7.75 (t, 1H), 8.05 
(d, 1H), 8.45 (d, 1H), 8.65 (d, 1H); 12.25 (bs, 1H), MS (FAB) 525 [M + HT. 
Example 4 

Compound acridone acid (0.239 g, 1 mmol) was taken in dry DMF (10 mL), EDCI 
(0.203 g, 1.5 mmol)and HOBt (0.288 g, 1.5mmol) was added and the mixture was cooled at 
0-5 °C and the mixture was stirred for 30 min. A solution of (4i?)-hydroxy-(2o>N-[4-(3'- 

ammopropyl)-oxy-5-memoxy-2-niirobenzoyl]pyn-oUdine-2-carboxaldehyde diethyl 
thioacetal of formula I (0.473 g, 5 mmol) in DMF was added to it at the same temperature 
and the solution was stirred at room temperature for overnight. The mixture was washed with 
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ZZ ( ^ bri0e> dri6d ** S ° IVem ^ ~~ crude material was 

chronutographed over silica gel using ethyl acecate/hexane (8:2) ^ t0 *™ 

pyrrohdme-2-carboxaidehyde diethyl thioacetal II as a yellow liquid 

5-e*oxy-2^^ diethyl 

mmol) was dissolved in Methanol (15 mL) and added SnCl^O (1.128 g , 5 

::z ; h °; untu the ™ **** *- — - — l*. 

was ^en adjusted to pH 8 carefully with saturated NaHCG 3 solution, diluted with ethyl 

Na SO T 8h "* ~ L ^ COmbiDed ^ 1*- - — over 

M^W4- ^ VaCUUm * ^ ^ (4^h^ 

{4-[3 -(4 .acndonylcarboxamido).propyl]-o X y-5.methoxy^^ 
carboxaldehyde diethyl thioacetal m. 

A solution of compound W-hydroxy^^ 

P'OPV^xy-5-methoxy^^ diethyl m 

0.664 g, 1 nunc,), HgCl, (0.8145 g, 3 mmol) and CaCOa (0.3 g, 3 mmol) in MeCN-water 

(4.1) was stored slowly at room temperature until TLC indicates complete loss of starting 

material. The reaction mixture was diluted with EtOAc (30 mL) and filtered through a celite 

bed. The clear yellow organic supernatant was extracted with saturated 5% NaHCCb (20 

mL), brine (20 mL) and the combined organic phase is dried (Na 5 S0 4 ). The organic layer was 

evaporated in vacuum and purified by column chromatography (90% CH 2 Cl 2 -MeOH) to give 

compound 7-methoxy-S-[3X4"-acridonyl carboxamido) propyl].oxy-(4^hydroxy.(ll a5 ) 

l > 2,3,U a .tetrahydro-5^-pyrroIo[2,l^][l > 4]benzodia2epin-5-one. 
Example 5 

Compound acridine acid (0.223 g, 1 mmol) was taken in dry DMF (10 mL) EDCI 
(0.203 g, 1.5 mmoOand HOBt (0.288 g, l.Smmol) was added and the mixture was cooled at 
0-5°C and the mixture was stirred for 30 min. A solution of (2^-N-[4K2'-aminoethyl)^xy. 5 . 
memoxy-2-mtrobenzoyl]pyr^^ thioacetal of formula I (0.443 

g, lmmol) in DMF was added to it at the same temperature and the solution was stirred at 
room temperature for overnight. The mixture was washed with saturated NaHCO, (50 mL), 
brine, dried and solvent was evaporated. The crude material was chromatography over silica^ 
gel using ethyl acetate/hexane. (8:2) solvent to give compound (2Sy^.{4-[2'^ 
acridmylcarbox^ido)-e^^ 
diethyl thioacetal II as a yellow liquid. 
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The compound (2 1 S>N- { 4- [ 2X4"-acridin y ica r box a mido)-ethyl],o Xv 5 meAhn , 
nitrobenzoyBpyrroUdine,? (J '. ' etn yiJ-oxyr5-methoxy-2- 

yijpyrroUdin^2-carboxaldehyde diethyl thioacetal II (0 648 e. l m «, n 

dissolved in methanol (15 mL) and added SnCl 2Hnn « 0 ™ 

or until the TLC indicated SrTT ' ** f °' 2 h 

maicated that reaction was completed The react.™ 

acteo. me combined organic phase was dried over Na,SO »„j 
evaporated under vacuum to afford ,h. a * 

... , L m to artord the etude compound (ZS)-N-/4-r2V4"- 

acridmylcarboxamido)-ethy]].o w -5-methovv 9 » m i. k ., .. 4 
diethyl thioacetal ni. y 5 ^^"^yOpy^ltdine-a.cari.o.a.dehyde 

10 »«. A , SO ' Uti ° n ° f C ° m ^ W - N -( 4 -t 2, -( 4 "^^-box.nndo)-emyI^x y .5- 
memo X y- 2 .am ln ob^ TO y,, pyrro u toe . 2 .^ oraldeMe diolhyl ^ / * 5 

mmoo. HgCl, CM14S g, 3 mmol) and CaCO, (0.3 g, 3 mmo.) in MeCN-water (4 1) was 
stirred slowly at room temperature until TLC indicates complete loss of starting material The 
reacuon mixture « diluted with BtOAc (30 mL) and fihered through a coUte bed. The clear 
yellow org^ supernatant waa extracted with safcrated 5% NaHCO, (20 mL), brine (20 mL) 
snd the combined organic phase is dried (NaaSO,). The organic layer was evirated in 
vacuum and purified by column chromatography (90% CrfcCfe-MeOH) to give compound 7- 
"^-HZH^ridinylc^^ 

[2, 1 -cjflj^benzodiazepin-S-one. 
20 Example 6 

Compound acridine acid (0.223 & 1 mmol) was taken in dry DMF (10 mL) EDO 
(0.203. g, 1.5 mmoDand HOBt (0.288 g, l.Smmol) was added and the mixture was cooled at 
0-5 »C and the mixture was stirred for 30 nun. A solution of (^hydmxy^H-i^l'. 
ammoethvl^xy-5-me^ 
25 of fonnula I (0.459 & 1 mmol) in DMF was added to it at the same temperature and the 
soluuon was stirred at room temperature for overnight. The mixture was washed with 
saturated NaHCO, (50 mL), brine, dried and solvent was evaporated. The crude material was 
chromatography over silica gel using ethyl acetate/hexane (8:2) solvent to give (4i?> 
hydroxy^-N-{4-[2'^^ 

30 Pyrrohdme-2-carboxaldehydediemyltluoacetalIIasayellowUquid. 
The compound (4*)-hydroxy<2^N-{4-^^ 

memoxy-2-iutrobenzoyi}p y rrolidine-2-carboxaldehyde diethyl • thioacetal H (0.664 g, 1 
mmol) was dissolved in methanol (15 mL) and added SnCl 3 .2H 2 0 (1.128 g, 5 mmol) was 
refluxed for 2 h or until the TLC indicated that reaction was completed. The reaction mixture 
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was then adjusted to P H 8 carefully with saturated NaHCO, solution, diluted wi* ethy, 
T£ "T" ^ - — * «-*- phase wa. ^ ov L 

u t 77 k "* r ~ to ^ *• ^ »* f«^W 

(4-[2 -(4 ^ylc^xaaudo^l^.^^,^,,.,^ 
carboxaldehyde diethyl thioacetal III. 

A solution of compound (4*>hydroxy-^^ 

0.634 g, 1 mmol), HgCl 2 (0.8145 g, 3 mmol) and CaCO, (0.3 g, 3 mmol) in MeCN-water 
(4:1) was starred slowly at room temperature until TLC indicates complete loss of starting 
matenal. The reaction mixture was diluted with EtOAc (30 mL) and filtered through a ceUte 
bed. The clear yellow organic supernatant was extracted with saturated 5% NaHCOa (20 
mL), bnne (20 mL) and the combined organic phase is dried (Na 2 S0 4 ). The organic layer was 
evaporated in vacuum and purified by column chromatography (90% CHjCl 2 -MeOH) to give 
compound 7-methoxy-8-r 2H 4^^^ laS) 
1,2,3,-1 U-tetr»hydrc>-5i/-pyrr^^^ 
Example 7 

Compound acridine acid (0.223 g, 1 mmol) was taken in dry DMF (10 mL) EDO 
(0 203 g, 1.5 mmoDand HOBt (0.288 g, 1.5mmoi) was added and the mixture was cooled at 
0-5 °C and the mixture was stirred for 30 min. A solution of (25)-N-[4-(3'^mino.propyI)oxy- 
SHBettojxy-2-mtrobea^ of f9nnjjla l 

(0.457 g, I mmol) in DMF was added to it at same temperature and the solution was stirred at 
room temperature for overnight. The mixture was washed with saturated NaHCOa (50 mL), 
brine, dried and solvent was evaporated. The crude material was chromatographed over silica 
gel using ethyl acetate/hexane (8:2) solvent to give (^-N^^^H^^acridinylcarboxamido). 
propy.>oxy-5-methoxy-2-mtro^^ diethyl n M 

a yellow liquid. 

*H NMR (CDCI3) 6 1.20-1.50 (m, 6H), 1.60-2.40 (m, 6H), 2.60-2.85 (m, 4H), 3.10-3.25 (m. 
2H), 3.85-3.9 (m, 5H), 4.20-4.30 (m, 2H), 4.65-4.70 (m, 1H), 4.82 (d, LH), 6.8(s, 1H), 7.4-7.8 
(m, 4H), 7.85-8.05 (t,2H), 8. 10 (d, lH),8.82(s, 1H), 8.95 (d, 1H); 11.9(bs, 1H), MS (FAB) 
663rM + HT. 

The compound (2tS)-N-{4-[3X4 M -acridmylc^ 
nitrobeiazoyl}pvrroUdine-2-carboxaldehyde diethyl thioacetal n (0.662 g, 1 mmol) was 
dissolved in methanol (15 mL) and added SnCfe.^O (1.128 g, 5 mmol) was refluxed for 2 h 
or until the TLC indicated that reaction was completed. The reaction mixture was then 
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adjusted to P H 8 carefully with saturated NaHC0 3 solution, diluted with ethyl acetate filtered 
through celite and extracted. The combined organic phase was dried over Na 2 S0 4 and 
evaporated under vacuum to afford the crude compound <25>N-{4-[3'-(4"-acridi- 
n y lcarboxamido)-propyl]-oxv^^^^ 
diethyl thioacetal III. 

l H NMR (CDC1 3 ) 8 1.20-1.5 (m, 6H), 1.60-2.40 (m, 6H), 2.60-2.80 (m, 4H), 3.55-3.7 (m, 
2H), 3.8 (s, 3H), 3.9-4.00 (m, 2H), 4.15-4.25 (m, 2H), 4.65-4.80 (m, 2H), 6.25 (s, 1H), 6.8 (s 
1H), 7.50-7.80 (m, 4H), 7.90-8.00 (m, 2H), 8.85 (s, 1H), 8.95 (d, 1H); 1 1.9 (bs, 1H). 

A solution of compound (2^-N-{4-[3-(4^acridinylcarboxamido)-propyl]-oxy-5- 
methoxy-2-aminobenzoyl}pyrroUdine-2-carboxaldehyde diethyl thioacetal III (0.632 g, 1 
mmol), HgCfe (0.8145 g, 3 mmol) and CaCO, (0.3 g, 3 ramol) in MeCN-water (4:1) was 
stirred slowly at room temperature until TLC indicates complete loss of starting material. The 
reaction mixture was diluted with EtOAc (30 mL) and filtered through a celite bed. The clear 
yellow organic supernatant was extracted with saturated 5% NaHCOs (20 mL), brine (20 mL) 
and the combined organic phase is dried (Na 2 S0 4 ). The organic layer was evaporated in 
vacuum and purified by column chromatography (90% CH 2 CVMeOH) to give compound 7^ 
methoxy-8-[3M4"-acridmylcajbox^ 
[2, l-c][l ,4]benzodiazepin-5-one. 

l H NMR (CDCfe) 8 1.20-1.30 (m, 2H), 1.95-2.45 (m, 6H), 3.5-3.8 (m, 5H), 4.25-4.45 (m, 
20 3H), 6.80 (s, 1H), 7.50-7.80 (m, 5H) 7.95-8.1 (m, 2H), 8.15 (d, 1H), 8.90 (s, 1H). 9.00 (d, 
1H); 12.00 (bs, 1H), MS (FAB) 509 [M + H] + . 
Example 8 

Compound acridine acid (0.223 g, 1 mmol) was taken in dry DMF (10 mL), (0.203 g, 
15 mmol)and HOBt (0.288 g, 1.5mmol)was added and the mixture was cooled at 0-5 °C and 
25 the mixture was stirred for 30 min. A solution of (4/?)-hydroxy-(2^-N-[4-(3'-ajninopropyl)- 
oxy-5-metlujxy-2-nitrobenzoyl]pyrroUdme-2-(jarboxaldehyde diethyl thioacetal of formula 
1(0.473 g, 5 mmol) in DMF was added to it at the same temperature and the solution was 
stirred at room temperature for overnight. The mixture was washed with saturated NaHCOa 
(50 mL), brine, dried and solvent was evaporated. The crude material was chromatographed 
30 over silica gel using ethyl acetate/hexane (8:2) solvent to give compound (4i?)-hydroxy-(25)- 
N- {4-[3 '-(4'^acridmylcarboxanudo)-p^^ 
carboxaldehyde diethyl thioacetal II as a yellow liquid. 

The compound (4^)-hydroxy-(2^-N-{4-[3^(4"-acridmylca^boxamido)-propyl]-oxy- 
5 -methoxy-2-nitrobenzoyl } pyrroUdine-2-carboxaldehyde diethyl thioacetal n (0.678 g, 1 
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30 



mmol) wm d. SS o.ved in nuahano! (|, ^ md ^ SaC , 

w« «h ra adjusted ,„ pH 8 careMy with 8aturated NaHCOj 

^ * and ^ The ^ organjc ^ J £ ^ 

m r ^ ~ '° cmde con * ound 

{4-p -(4 -««j-J*o-»<»»^ 
carboxaldehyde diethyl thioacetal IH. 

A solution of compound (4*>hydroxy<^ 

i*wlH*^^ diethyl m 

(0.648 g, 1 mmol), HgCl 2 (0.8145 g, 3 mmol) and CaC0 3 (0.3 a 3 mmol) in MeCN-water 
(4: 1) was surrcd slowly at room temperature until TLC indicates complete loss of starting 
matenaL The reaction mixture was diluted with EtOAc (30 mL) and filtered through a celite 
bed. The clear yellow organic supernatant was extracted with saturated 5% NaHCO, (20 
mL), brine (20 mL) and the combined organic phase is dried (Na 2 S0 4 ). The organic layer was 
evaporated in vacuum and purified by column chromatography (90% CH 2 Cl*-MeOH) to give 
compound 7.methoxy-8-[3X4"-acridinyl carboxamido) propylJ-oxy^-hydroxyKUa^ 
1,2,3 J la^trahydro-5#-py^ 

Biological Activity: In vitro biological activity studies were carried out at National Cancer 
Institute (USA). 

Cytotoxicity: 7-memoxy.8-[3>^4^acrido ny lcarboxamido)propyl]-oxy-(naS)l,2.3,lla- 
tetrahydro-5/f-p y rrolo[2,l^][ l ,4]benzodia Z epin-5-one.of formula IV was evaluated for 
primary anti-cancer activity (Table 1) and in vitro against sixty human tumour cells derived 
from nine cancer types (leukemia, non-small-cell lung, colon, CNS, melanoma, ovarian, 
prostate, and breast cancer). For each compound, dose response curves for each cell line were 
measured at a minimum of five concentrations at 10 fold dilutions. A protocol of 48 h 
continuous drug exposure was used and a sulforhodamine B (SRB) protein assay was used to 
estimate cell viability or growth. The concentration causing 50% cell growth inhibition 
(GI50), total cell growth inhibition (TGI. 0% growth) and 50% cell death (LC50, -50% 
growth) compared with the control was calculated. The mean graph midpoint values of 
log 10 TGI and log lo LC50 as well as log l0 Gl50 for IV are listed in Table 2. The mean graph 
itself is shown in Table 4. As demonstrated by mean graph pattern, compound IV exhibits an 
interesting profile of activity and selectivity for various cell lines. The mean graph mid point 
of lo gl0 TGI and log 10 LC50 showed similar pattern to the log 10 GI50 mean graph mid points. 
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Table i. In vitro one dose primary anticancer ass^ acrid one linked PBD hybrid of IV 
PBD hybrid 




0 

"One dose of IV at 10^ molar concentration 



The novel pyrrolobenzodiazepine hybrid ^uM^^ <A »^on^M^ 

one.of formula IV has shown to possess <10 nano molar potency (at the LC 50 level) against 
one melanoma cancer (UACC-62) and 0.1 micro molar potency against colon cancer (HCC- 
2998), CNS cancer (SNB-75), breast cancer (MDA^MB-435) and also have <10 micro molar 
potency against two melanoma cancer cell lines (LOXIMVI, M14) and one renal cancer 
(SN12C). The LC,o values of nine cancers (average of six to nine cancer cell lines) of 
compound 7 -™*^^H^Hwri^^ 

tetrahydro-5/f-pvrrolot2, \-c][\ ,4]benzodiazepin-5-one.of formula IV listed in Table 3. 
Table 2. log.o GI50 log l0 TGI and log.o LC50 mean graphs midpoints(MG_MID) of in vitro 
cytotoxicity data for the compound IV against human tumour cell lines. 



Compound 


Logio GI50 


LogioTGl 


Log l0 LC50 


IV 


-7.73 


-5.56 


-4.32 



Table 3. Log LC50 (concentration in mol/L causing 50% lethality) Values for Compounds 
IV 



^Cancer Compound IV 

Leukemia -4.00 
non-small-cell lung -4. 14 
Colon .4 33 

CNS .4.425 
Melanoma -5.09 
Ovarian -4.012 
Renal -4,27 
Prostate -4.00 
Breast -4,40 



Each cancer type represents the average of six to nine different cancer cell lines. 
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